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Ten new N-aroyl-N -carboxyalkyl thiourea derivatives
have been prepared in modest to good yield via the
reaction of aroyl isothiocyanates and amino acids.The
products have been characterized on the basis of
analytical and spectral (IR and 'H NMR) data.The
promoting effects of some of the compounds on wheat
growth have been tested preliminary.
Thioureas are excellent reservoir of bioactive
substances. A number of biological activities are
associated with substituted thiourea derivatives'. A
survey of literature reveals that some work has
been reported on various substituted thioureas'",
but not much work has been done on the
preparation and bioactive studies of carboxyalkyl
substituted thioureas. In view of these observations
and in continuation of our earlier work on the
synthesis of plant-growth regulators'"!", the present
work was undertaken to prepare ten new N-aroyl-
N -carboxyalkyl thiourea derivatives and tested
them as plant-growth regulators on wheat seeds.
Aroyl chloride 1 obtained by the reaction of
aromatic acid with thionyl chloride was treated
with ammonium thiocyanate under the condition of
solid-liquid phase transfer catalysis using 3%
PEG-400 as the catalyst to give the corresponding
acyl isothiocyanate 2 in quantitative yield.
Compound 2 was reacted with various aminoacids
to give N-aroyl-N'-carboxyalkyl thiourea
derivatives 3 in modest to good yield (Scheme I,
Table I).
It has been reported that the reaction of acyl
isothiocyanates are complex,since addition to the
-N=C=S system and nucleophilic substitution at
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the carbonyl-carbon atom may compete with one
another "". We have also found that benzoyl
isothiocyanate reacts with glycine in 50% aq.
ethanol at alkaline conditions to give hippuric acid
(81%) only, the formation of N-benzoyl-N-
carboxymethyl thiourea was not observed.In order
to prepare the title compounds 3, we have
conducted our reaction in anhyd.acetone at
refluxing temperature in the absence of alkaline. It
was found that the addition reaction took place and
N-aroyl-N' -carboxyalkyl thioureas 3 were obtained
in modest to good yield.
The structures of the compounds 3 were
confirmed by elemental analyses, IR and 'H NMR
spectral data (Table II). For example, the IR
spectra of 3a showed absorption bands at 1688
(amide C=O ), 1733 (COOH), 3358, 3241, 3165
(NH) and 1244, 1178 cm' (C=S). The 'H NMR
spectrum of 3a in DMSO-d6 showed signals at 04.
38(s,2H,CH2), 7.30-7.63 (m,4H,ArH), 10.85 (s,
1H, NH), 11.85 (s,lH, N'H).
Some selected compounds were tested on wheat
seeds (Gansu 1106) and average length of
seedlings and roots were recorded (Table III). The
compounds 3e, 3h, 3i and 3j were stimulators at
low concentration (0.001-1 ppm) and inhibitory at
high concentration (10-100 ppm).
Experimental Section
Melting points were determined in open
capillaries and are uncorrected.IR spectra were
recorded in KBr on an Alpha Centauri FT-IR
NOTES 605
Table I-Preparation of N-aroyl-N'-carboxyalkyl thiourea (3)
Compd R R' Yield m.p. Mol.. formula Found (%) (Caled)
(%) (0C) C H N
3a 2-CI H 42 184-185 CJ(jf9CINP2S 43.70 3.21 10.10
(44.04 3.33 10.27)
3b 4-N02 H 67 221-223 C1oH9NpsS 42.90 3.10 14.62
(42.40 3.26 14.83)
3c 4-CHp H 51 208-209 C11H12N2O.S 49.32 4.32 10.20
(49.25 4.57 10.44)
3d H H 48 199-200 C,oHIONP)S 50.57 4.36 11.58
(5Q.42 4.23 1\.76)
3e H CH) 50 179-181 CIIHI2N20)S 52.42 4.82 11.06
(52.38 4.76 11.11)




C1Np)S 46.05 3.81 9.41
(46.04 3.84 9.71)
3g 4-N02 CH) 72 187-188 CIIHIIN)OSS 44.16 3.51 13.98
(44.44 3.73 14.13)
3h 4-N02 (CH)hCH 56 187-188 CnH,sN)OsS 48.14 4.39 12.82
(48.00 4.61 12.91)
3i 4-CHp (CH))2CH 41 152-155 CI4H17N2O.S 54.17 5.55 8.38
(54.18 5.85 8.03)
3j 4-CHp PhCH2 36 158-160 ClsHISN20.S 57.56 5.12 8.26
(57.48 5.39 8.38 )
Table II-Effect at various concentration (ppm) on wheat seeds (Gansu 1106) after 7 days
Compd Length at seedlings (in em) Length at roots (in ern)
100 10 1 0.1 0.01 0.001 100 10 1 0.1 0.01 0.001
3e 0 8.7 11.7 12.8 12.5 13.4 0 7.6 8.6 12.0 8.5 9.0
3h 0 10.1 14.0 13.7 14.2 14.0 0 5.6 8.4 8.7 9.5 7.7
3i 3.2 12.1 13.9 14.4 14.6 14.8 1.2 9.0 8.4 8.9 9.1 8.9
3J 1.1 9.6 13.7 14.3 14.8 14.7 1.1 5.3 9.2 8.7 9.1 8.3
2,4-D 0 5.36 10.7 14.0 16.4 16.1 0 0.4 1.3 4.9 7.5 9.4
NAA 0 5.9 10.4 14.8 15.7 15.7 0 0 0.8 3.7 6.7 8.3
H2O 12.0 7.9
spectrophotometer (vrnax in cm') and IH NMR
spectra on an FT -80A instrument using DMSO-d6
as solvent and TMS an internal reference
(chemical shifts in (5/ppm). Microanalyses were
obtained with PE-2400 CRN instrument.DL-amino
acids were used for preparation of 3e-3j
General procedure for the preparation of
aroyl isothiocyanate. Powdered ammonium
thiocyanate (15 mmole), aroyl chloride (10
mmole), PEG-400 (0.18g, 3%with respect to
ammonium thiocyanate) and methylene dichloride
(20 mL) were placed in a dried round bottomed
flask containing a magnetic stirrer bar and stirred
at room temperature for 1 h. After filtration, the
solvent was evaporated under reduced
pressure.The residue thus obtained containing 2
was utillised in the next step without further
purification.
General procedure for the preparation of N-
aroyl-N' -carboxyalkyl thiourea. A mixture of 2
(1Ommole) and amino-acid(9 mmole) in anhyd.
acetone (25 mL) was refluxed on a steam-bath for
6 hr and excess of acetone distilled off. The solid
mass thus obtained was recrystallised from ethanol
to give compound 3, yield, m.p.s, analytical, IR
and IH NMR data of the produets are given in
Tables I and III.
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Table III-IR and IHNMR Spectral data N-aroyl-N'-carboxyalkyl thioureas(3)
Compd IR (vmax, ern") IH NMR (8, PPM)
N-H C=O C=S ArH N-H N'-H CH2 CH/OCH3 CH
3a 3358 1733 1244 7.30-7.63 10.85 11.85 4.38
3241 1688 1178 (m,4H) (s,IH) (s,IH) (s,2H)
3165
3b 3352 1726 1247 8.06-8.38 10.98 11.84 4.39
3213 1677 1208 (m,4H) (s,IH) (s,lH) (s,2H)
3145
3c 3375 1727 1247 7.00-7.10 11.23 11.35 4.35 3.85
3240 1677 1179 (d,2H?8Hz) (s, lH) (s,lH) (s,2H) (s,3H)
3226 7.95-8.05
(d,2H?8Hz)
3d 3362 1721 1242 7.43-7.92 11.07 11.57 4.36
3245 1673 1173 (m,5H) (s,lH) (s,lH) (s,2H)
3e 3282 1721 1269 7.50-8.00 11.40 11.61 1.50 4.80
3156 1665 1168 (m,5H) (s,lH) (s,lH) (d,3H?4.4Hz) (m,IH)
3f 3360 1717 1242 7.45-7.70 10.99 11.92 1.55 4.75
3223 1678 1180 (m,4H) (s,IH) (s,JH) (d,3H,J=4.4Hz) (m,lH)
3150
3g 3316 1722 1251 8.05-8.40 11.20 11.94 1.50 4.74
3231 1677 1166 (m,4H) (s,JH) (s,JH) (d,3H,J=4.4Hz) (m,IH)
3h 3321 1720 1243 8.05-8.35 11.25 12.01 1.05 2.50
3237 1675 1164 (m,4H) (s,JH) (s,IH) (m,6H) (m,IH)
4.70
(m,lH)
3i 3312 1717 1242 6.99-7.10 11.85 11.38 1.05 2.48
3150 1678 1180 (d,2H?88.Hz) (s,JH) (s,IH) (m,6H) (m,IH)
7.95-8.05
(d,2H?8.8Hz) (s,3H) (m,JH)
3J 3393 1709 1259 7.00-7.11 11.31 11.40 2.55 3.87 5.15
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